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M o s t  h i g h - g r a d e  p r e c i s i o n  a l l o y s  a r e  m a n u f a c t u r e d  in v a c u u m  induc t ion  f u r n a c e s  with c r u c i b l e s  b a s e d  on 
e l e e t r o m e l t e d  m a g n e s i t e  and  c o r u n d u m .  Al though  v a c u u m  f u r n a c e s  have  a n u m b e r  of a d v a n t a g e s  in c o m p a r i s o n  
with  open induc t ion  f u r n a c e s ,  they  a l s o  have  s h o r t c o m i n g s ,  inc lud ing  i n t e n s e  r e a c t i o n  of the  m e l t e d  m e t a l  wi th  
the  r e f r a c t o r y  l in ing ,  l e ad ing  to i m p a i r m e n t  of the  a l l oy  p r o p e r t i e s .  

R e c e n t  y e a r s  have  s e e n  e x t e n s i v e  r e s e a r c h  on the d e v e l o p m e n t  of r e f r a c t o r y  m a t e r i a l s  b a s e d  on e l e c t r o -  
m e l t e d  z i r c o n i u m  d iox ide ,  which  h a s  a b e t t e r  r a n g e  of p r o p e r t i e s  fo r  the  c ond i t i ons  of v a c u u m  induc t ion  m e l t -  
ing than  t r a d i t i o n a l  r e f r a c t o r i e s .  V i r t u a l l y  no w o r k  h a s  been  done on the use  of t h e s e  r e f r a c t o r y  m a t e r i a l s  
fo r  c r u c i b l e s  in  the  m e l t i n g  of p r e c i s i o n  a l l o y s .  

Z i r c o n i u m  d iox ide  h a s  a h igh  r e s i s t a n c e  to m e t a l s ,  and dur ing  m e l t i n g  of h e a t - r e s i s t a n t  s t e e l s  and 
a l l o y s  in v a c u u m  i t  u n d e r g o e s  l e s s  r e a c t i o n  with  the  m e t a l  and c o n t a m i n a t i o n  by oxygen than r e f r a c t o r i e s  of 
A12Oa, MgO, and BeO [1-6].  The  oxygen of the  oxide  can  a l s o  r e a c t  wi th  the  c a r b o n  of the  s t e e l  and 

*Deceased. 

TABLE i. 

Tamped mass 

C h a r a c t e r i s t i c s  of C r u c i b l e s  a f t e r  S e r v i c e  

Electxomelted zircon- 
ium dioxide of PTsB- 
93 grade based on 
HsPO4 

Electromelted zircon- 
ium dioxide of PTsB- 
93 grade based on 
s.a.w. 
Electromelted CaZrO s 
based on 
calcium alumino- 
zirconate cement(20 %) 

Electromelted 
CaZrO s based on 
barium alumino- 
zirconate cement 

Dur- Zone* 
ability, 
melts 

6 

50 

Working(5-15) 

Working (10-15) 

Working (~-8) T 

Transition 

IJeast altered 

Working (4-6)$ 

Least altered 

Crucible composition 

7-8% magnetite, 5-6o/~lass, 
~5% monoclinic ZrO 2, 10-12% 
cubic ZrO 2 

Cubic ZrOz with irregular 
grains, M magnetite, glass 

Metal beads, 4% magnetite, 
6% glass, 25% cubic ZrO z, 
66% CaZtO 3 

2% magnetite, 3% glass, 
75% CaZrO s, 20% cubic ZtO z 
92% CaZrO 3, 3-4% cubic ZrOz, 
2% CaA1204 , 2% glass 
CaSt0 s . . . .  

I CaZtOs, BaZtO s in binder 

Cause of crucible 
failure 

Appearance of cracks 

ncrustation 

:tacking 

Appearance of cracks 

* The  zone t h i c k n e s s  (mm) i s  g iven  in  p a r e n t h e s i s .  
Cubic  Z r O  2 i s  p r e s e n t  n e a r e r  to the  c o n t a c t  with the  m e t a l .  

$ C o r r o d e d  and g l a z e d ,  r e d u c i n g  the depth  of p e n e t r a t i o n  of i r o n  
ox ides .  

U k r a i n i a n  S c i e n t i f i c - R e s e a r c h  I n s t i t u t e  of R e f r a c t o r i e s .  I. P .  B a r d i n  C e n t r a l  S c i e n t i f i c - R e s e a r c h  
I n s t i t u t e  of F e r r o u s  M e t a l l u r g y  (TsNIIChM).  T r a n s l a t e d  f r o m  O gne upo ry ,  No. 11, pp. 30-33,  N o v e m b e r ,  
1980. 

580 0034 -3102 /80 /1112 -0580507 .50  �9 1981 P l e n u m  Pub l i sh ing  C o r p o r a t i o n  



TABLE 2. Influence of Crucible 
Material  on Contamination of 
008 ZhR Metal 

C.mcible 
mater ia l  Binder 

Zirconium 5% HsPO, 
dioxide 

Zirconium IO/o s.a.w.i+ 
dioxide +3% H~O I 

Corundum The same 

Magnesium a 
oxi(]e 

Mass fraction of impu-  
rities in metal ,*  % 

S P AI 

0,003 0,001 0,011 
0,002 0,01,0 0,005 
0,004 0,002 0,012 
0,002 0,002 0,006 
0,003 0,002 0,009 

0,030 
0,010 
0,005 

*The upper figure is the initial con- 
tent, the lower figure the content in 
the metal  in its final state. 

decarbur ize  it; this does not occur when zirconium dioxide is used [4, 6]. The experience gained in the use 
of linings of tamped zirconium masse s  [7, 8] has not yet  been extensively utilized for smelting of steels,  owing 
to the high cost  of zirconium dioxide. 

To select  the composit ion of a z i rconium mass  for lining vacuum induction furnaces,  ensuring a long 
service  life of the crucibles ,  and to establish the influence of the lining composition on the quality of precis ion 
alloys, working in conjunction w-ith the Institute of P rec i s ion  Alloys (TsNIIChM) the Ukrainian Scientific- 
Research  Institute of Ref rac tor ies  has c a r r i ed  out r e sea rch ,  the resu l t s  of which are  given in this article.  

The melt ings were per formed in 8-kg crucibles ,  150 mm in diameter ,  215 mm high, with wall thickness 
20 ram. The crucibles  were made by hand tamping, in a special  metal  mold, of masse s  based on e lec t ro-  
melted z i rconium dioxide stabilized with calcium oxide and calcium zirconate.  

The m a s s e s  of e leet romel ted ZrO 2 and CaZrO 3 consisted of par t ic les  smal le r  than 5 ram, including 3 ~  
of the 5-2 mm class ,  10% of the 2-0.5 mm class ,  20% of the 0.5-0.09 c lass ,  and 40% of the --0.09 mm class.  
As binders we used H3PO o calcium aluminozirconate and barium aluminozirconate cements  [9-11], and 
sulfi te--aleoholic waste (s. a. w. ) [12]. 

The molded crucibles  were dried at 120~ the crucibles  based on a phosphate binder were subjected to 
heat t rea tment  at 300~ The f i rs t  melting (roasting) of 008 ZhR iron was per formed in air .  The heating time 
was 17 min, the residence time of the liquid metal  in the crucible was 30 min. Melting of the precis ion alloys 
was then performed.  In the laboratory we melted severa l  ser ies  of precis ion alloys of the Fe--Ni,  Fe--Co,  
and Fe--A1 systems.  

Maximal res is tance  was displayed by crucibles  of a tamped zirconium mass  based on s. a.w. (Table 1). 
As shown in [13], these m a s s e s  have a high deformabil i ty before failure and a high res is tance  to c rack  
propagation. After  the f i r s t  meltings,  as a resul t  of their thin walls (20 mm), crucibles  made from zirconium 
m a s s e s  based on cements  or a phosphate binder were completely s intered and lost their  capacity to res i s t  
the propagation of c racks  induced by thermal  shocks (the crucibles  were completely cooled after each melting). 
After 3-6 melt ings,  these crucibles  displayed c racks  and the tes ts  were discontinued. Fur the rmore ,  crucibles  
made f rom m a s s e s  based on a phosphate binder increased  the phosphorus content of the metal  f rom 0.002 to 
0.01% (Table 2) and therefore  cannot be recommended for melting precis ion alloys. 

Pe t rographic  analysis  of the linings after  service  shows the presence  of three zones: a working zone, 
t ransi t ion zone, and least  a l tered zone. Melting is accompanied by gradual  saturation of the lining with iron 
oxides and the products  of deoxidation, leading to the appearance of enhanced amounts of the vi treous phase 
and magnetite (see Table 1). In the working zone of crucibles  made f rom m a s s e s  based on cements  or s. a. w., 
munoelinic ZrO 2 is  completely stabilized and disappears ,  but in crucibles  made f rom m a s s e s  based on a 
phosphate binder, owIng to combination of the CoO as phosphates we observe destabilization, agreeing with the 
data of Karaulov [14]. 

As noted in [6], as a resul t  of the react ion of the fused metal  with the crucible mate r ia l  in vacuum the 
r e f r ac to ry  oxides and the binder mate r ia l s  may be reduced by the deoxidizer,  leading to contamination of the 
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TABLE 3. Variat ion of the Magnetic P r o p e r t i e s a n d  Content of 
Nitrogen and Oxygen P re sen t  as Impuri t ies  in Alloys with the Crucible 
Material* 

s, 
mm 

Alloy 

Iron--nickel No. 1 

The same No. 2 

The same No. 3 

Iron-- aluminum 

0,35 
oE~ 
0,35 

0,20 
o~g6 
0,20 
o-~ 

Initial mag. 
pen-~eabili - 
ty go" 0.79 �9 
103, H/m 

2 
1,75 

Not deter. 

150 
125 
8 
6 

nectm per- 
meability 

~M" 1.256. 
�9 10-~ 

l0 
8 
25 
2O 
48 

2,7 
2,6 

Coercive 
force 
Hc �9 1.256 - 
10 -2, A/m 

0,15 
0,20 

0,024 
0,031 
0,02 
0,03 
Or03 
0,04: 

Hysteresis 
loop tee- 
tan, gularity 
Br/Brn,T % 

0,94 
0,92 
0,94 
0,90 

Not deter. 

*Zirconium (upper figure), magnesite (lower figure). 
T B r, residual  induction; Bin, maximal  induction. 

Mass fraction. % 

o 

0,002 
0,020 J 0,004 
0,010 [ 0,001 
0,010 J 0,003 
0,017 I 0,002 
0,018 J 0,005 
0,030 I 0,002 
0,03n [ 0,004 

metal. In this connection we investigated iron smelted in crucibles  made f rom zirconium, corundum, and 
per ic lase  masses .  

In all cases ,  when iron was smelted in crucibles  of z i rconium dioxide based on s. a .w. ,  its contamination 
by products  of the crucible was virtually zero (see Table 2). During roasting of the crucible in the f i rs t  
flushing melting, s. a.w. binder, which contains sulfur, is  completely burnt and the metal  subsequently suffers 
no contamination by this element. However, when 008ZhR iron is smelted under the same conditions in 
crucibles  of magnesium oxide or aluminum oxide (corundum) we observed contamination of the metal  with 
magnesium (up to 0.050%) and aluminum (up to 0.030~s and the content of nonmetallic inclusions in the metal  
was enhanced. 

On the basis of laboratory investigations, for tests on industrial melting of a number of brands of 
precision alloys at the experimental factoryof TsNIIChM in vacuum induction furnaces (metal capacity 20 and 
50 kg), to make the crucibles we selected a tamped zirconium mass based on s. a.w. Tests of the zirconium 
crucibles were performed in parallel with those of fused magnesium oxide. Particular attention was paid not 
only to the durability of the crucibles and their behavior during melting, but also to the magnetic properties 
and technological effectiveness of the alloys. 

To make the crucibles we used a refractory mass of grade PTsB-93 according to TU 14-8-62-72 of 
zirconium dioxide stabilized with calcium oxide (4%). We melted alloys of an iron and nickel basis with added 
silicon, titanium, vanadium, aluminum, and certain other elements. The crucible service life was high: 70- 
80 meltings as against 40-50 for crucibles of electromelted magnesium oxide. 

After the meltiags we investigated the quality of the metal melted in zirconium crucibles and investigated 
the changes which had occurred in the crucibles during melting. 

Specimens were taken from the top, middle, and bottom of a crucible which had been used for 50 melts. 
According to spectral analysis data, after service the working zone of the crucible contained oxides of iron ('~ 10go), 
chromium ('~10go), magnesium andmanganese  (1-2go), aluminum (1-5go), calcium (,~ lgo), t i tanium andvadanium 
(<< 0 Ago), and silicon ('~lgo). This indicates that the working zone of the crucible is sa tura tednot  onlywith iron 
oxides but also the products of deoxidation of the steel.  

Together  with the resul ts  of mic ro  x - r a y - s p e c t r a l  analysis,  the petrographic analysis data enabled us 
to distinguish a general  pat tern of change in the crucible mic ros t ruc tu re  during react ion with the metal:  
Oxides of Ti, Ca, Mn, and Ni form a solid solution with ZrO 2. In the binder we observe crysta l l izat ion ofthe 
sil icate component, represented  by SiO2, z i rcon (ZrSiO4) , and cordier i te  (Mg2A14Si5Oi8). 

In the a s se s smen t  of the quality of i ron--nickel  magnetical ly soft alloys, we established that melting in a 
z i rconium dioxide crucible ensures  the preparat ion of alloys with a lower impuri ty content and better  magnetic 
p roper t i es  than in the case of magnesium oxide crucibles  (Table 3). The best  resul ts  were obtained on dif- 
f icul t lydeformable  alloy 40KKhNMI for  cores ,  and on i ron--nickel  and i ron--aluminum high alloys. 

The content of nonmetallic inclusions and harmful  impuri t ies  in the metals  in their final state was 1.5 
t imes less than in alloys obtained in magnesi te  crucibles ;  this enhanced the technological charac te r i s t i c s  and 
proper t ies  of the alloys. Thus these experiments  on the use of tamped zirconium m a s s e s  for making the 
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lining of vacuum furnaces  for  mel t ing p rec i s ion  al loys indicate that these  r e f r a c t o r i e s  a re  p romis ing  m a t e r i a l s  
and can be r ecommended  for  extensive use in pilot  plants  and under indust r ia l  conditions. 

L I T E R A T U R E  C I T E D  

1. V. M i Amonenko, K. G. Romanchenko,  and A. S. T r o n ' ,  Stal ' ,  No. 11 (1960). 
2. K.G. Romanchenko, N. S. Bolgov, and A. S. Tror~', Sb. Na~chn. Tr./UNIIO, No. 6 (1962). 
3. K.G. Romanchenko, L. N. Ryabchikov, and A. S. Tron', Sb. Nauchn. Tr./UNIIO, No. 6 (1962). 
4. A. Majdie, Keram. Z., 2__22, No. i0 (1970). 
5. W, H. Powers and K. K. Koppneyer, Am. Ceram. Soe. Ball., No. 7 (1966). 
6. C.E. Osterholtz, I. E. Werner, and K. A. Baab, Am. Ceram. Soc. Bull., 4_55, No. 12 (1966). 
7. M . G .  Trof imov ,  Lining of Induction F u r n a c e s  [in Russian] ,  Moscow (1968). 
8. P. Staat, Ind. C e r a m . ,  No. 612 (1968). 
9.  A. A. Grebenyuk,  A. G. Karaulov,  A. A. El tysheva,  and T. E. Sudarkina, Inven to r ' s  Cer t i f ica te  

292,928; Otkryt . ,  Izobre t . ,  P r o m .  Obraz. ,  Toy. Zn., No. 5 (1971). 
10. A . G .  Karaulov ,  A. A. Grebenyuk,  M. T. Mel 'nik,  et al. ,  Inven to r ' s  Cer t i f ica te  489,743; Otkryt . ,  

Izobre t . ,  P r o m .  Obraz . ,  Toy. Zn., No. 40 (1975). 
11. A . G .  Karaulov ,  T. E. Sudarkina, M. T. Mel 'nik,  et al . ,  Inven to r ' s  Cer t i f ica te  587,127; Otkryt.~ 

Izobre t . ,  P r o m .  Obraz . ,  Tov. Zn., No. 1 (1978). 
12. A . G .  Karaulov ,  I. N. Rudnyak, T. F. Grushevaya ,  and V. I. Pa lashenko,  Ogneupory,  No. 4 (1974). 
13. G . A .  Gogotsi ,  A. G. Gashchenko,  A. G. Karaulov,  and I. N. Rudyak, Ogneupory,  No. 1 (1973). 
14. A . G .  Karaulov ,  Ogneupory,  No. 7 (1975). 

INFLUENCE OF SURFACE PHENOMENA ON CHOKING 

OF CHANNELS IN STEEL-POURING EQUIPMENT 
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An impor tan t  p rob lem in meta l lu rgy ,  and one which has  not ye t  been solved, is  to ensure  that the 
channels  of bo tchers  in pouring equipment shall  re ta in  constant  c r o s s  sect ions.  The re  a re  a number  of 
hypotheses  concerning the m e c h a n i s m  of choking (overgrowth) of the nozzles ,  but none of them gives  a sa t i s -  
fac tory  explanation of this phenomenon. Singh [1] has  analyzed var ious  views of the m e c h a n i s m  of this  p r o -  
ces s ,  and has  given additional expe r imen ta l  data which he explains f rom the viewpoint of the prec ip i ta t ion  
hypothesis .  However ,  this hypothesis  does not explain why corundum powder  prec ip i ta ted  on the sur face  of a 
channel does not fo rm a smooth layer ,  but often takes  the fo rm of sepa ra t e  branched pro jec t ions  [1, 2, etc. ], 
which appear  in the solidified me ta l  in the fo rm of i r r e g u l a r l y  shaped channels  (Fig. 1). 

The powder p ro jec t ions  do not c rumble  and a re  not washed away by the flowing steel .  The precip i ta t ion  
hypothesis  also fai ls  to explain why overgrowth of the channels is  5-10 t imes  less  intensive when corundum 
powder  is  added to the s tee l  than when the eorandum is  fo rmed  by adding meta l l i c  a luminum to the s tee l  [3]. 

As  a r e su l t  of invest igat ions  and observa t ions ,  the p r e s e n t  authors  have come to the conclusion that  
overgrowth of ba tcher  channels  by the products  of killing of the s tee l  r e su l t s  f rom three  p r o c e s s e s :  p r ec ip i t a -  
tion of a nonmetal l ic  phase  suspended in the steel ;  fo rmat ion  of oxides on the sur face  of the channel owing to 
inject ion of a tmospher i c  oxygen through po re s  in the r e f r a c t o r y  and in b reaks  in the flow; and deoxidation of the 
s tee l  on the sur face  of the r e f r ac to ry .  The sur face  phenomena have a decis ive  influence. 

On the bas i s  of theore t ica l  cons idera t ions  [4], which have been conf i rmed  exper imenta l ly  [3, 5], we have 
analyzed the re la t ive  impor tance  of these p r o c e s s e s  in the overgrowth m e c h a n i s m  and their  re la t ions  with 
sur face  phenomena.  With low concentra t ions  of s trong deoxid izers ,  the f ree  energy of the sy s t em is  insuf-  
f icient for  the fo rmat ion  of an in te rphase  sur face  between the growing nonmetal l ic  inclusion (i) and the s teel  
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